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What are stellar halos?
extended, diffuse and very faint (μg<26 mag/arcsec2)  
made of stars str ipped from satel l ite galaxies 
mult iple stel lar component and complex kinematics  
st i l l  growing at the present epoch 
mixed with the ICL/IGL at large galactocentric distances 
not easy to separate from the ETGs by using images
From theoretical side …  
s t r u c t u r e o f t h e s t e l l a r h a l o , i n c l u d i n g a m o u n t o f 
substructures 
l ight distr ibution 
accreted vs in-situ mass 
metal l ic ity
(Johnston et al.  2008; Cooper et al.  2010, 2013,  2015;  Watson et al.  2012;  
Deason et al.  2013;  Pi l lepich 2014; Amorisco 2015,  Pi l lepich et al.  2018) 
Stellar halos in ETGs: observations vs theory
study halo global properties 
and radial profiles out to ∼ 150 
kpc for each individual galaxy 
predict their masses and 
density profiles; mean 
metallicity and metallicity 
gradients; ages and shapes => 
accretion and merger histories 
connection between 
population gradients and mass 
assembly history: galaxies with 
few significant progenitors 
have more massive haloes, 
possess large negative halo 
metallicity gradients and 
steeper density profiles 
predict the number and the 
mass of the progenitors
Auriga simulations 
(Monachesi+2018)
Aquarius project 
(Tissera+2012)
Inner halo
Outer halo
IllustrisTNG 
(Pillepich et al. 2018)
Millenium II ΛCDM 
(Cooper et al. 2013)
Why study stellar halos in galaxies?
LCDM galaxy formation theories predict that galaxies grow through a 
combination of in situ star formation and accretion of stars from other 
galaxies (White & Frenk 1991) 
The ratio of stel lar mass contributed by these two modes of growth is 
expected to change systematical ly over the l ifetime of a galaxy (e.g.  
Guo & White 2008) 
Since dynamical  t imescales are long in the galaxy outskirts,  phase-space 
substructures related to accretion (streams, tai ls,  etc.) can persist over 
many Gyrs
The structural  properties of the outer parts of galaxies and their  
correlations with stel lar mass and other obser vables might therefore 
provide ways of testing theoretical  predictions of mass assembly
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Observations vs theoretical predictions: 
it’s a tricky task!
the advent of deep imaging sur veys al lows to study galaxy 
structures out to regions of stel lar halos 
(Mihos et al.  2005; Janowiecki  et al .  2010; Martinez-Delagado et al.  2010; Roediger et al.  
2011;  Ferraris et al.  2012;  Duc et al.  2015;  van Dokkum et al.  2014; Truj i l lo 2015;  Capacciol i  
et al .  2015;  Mihos et 2016;  Merritt  et al.  2016;  Crnojevic et al.  2016;  Iodice et al.  2016;  
Spavone et al.  2017,  Spavone et al.  2018)
Observations vs theoretical predictions
Morphology
stellar  
halo
stellar halo in NGC1316 formed by 
gradual accretion of several progenitors:
  
similar morphology + total extension 
Cooper et al. 2010
NGC 1316 - Iodice, Spavone et al. 2017
SB (r band)= 26.6 - 30.6 
mag/arcsec2 
exponential  profi le  
luminous substructures = 
recent events 
Observations vs theoretical predictions
Morphology
Fit of the SB profi les to ident ify the main 
components dominating the galaxy l ight
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Observations vs theoretical predictions
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Fig. 13. VST g band profiles of NGC 1399, NGC 3923, NGC 4365, NGC 4472, NGC 5044, and NGC 5846, fitted with a three component model
motivated by the predictions of theoretical simulations.
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Theoretically-motivated 
three component model
Inner Sérsic profile = In-situ 
component 
nin-situ≈2 (Cooper et al. 2013)
Central Sérsic profile = Relaxed 
accreted component
Outer diffuse component = 
Unrelaxed accreted material
Spavone et al. 2017
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Fig. 13. VST g band profiles of NGC 1399, NGC 3923, NGC 4365, NGC 4472, NGC 5044, and NGC 5846, fitted with a three component model
motivated by the predictions of theoretical simulations.
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Theoretically-motivated 
three component model
Inner Sérsic profile = In-situ 
component 
nin-situ≈2 (Cooper et al. 2013)
Central Sérsic profile = Relaxed 
accreted component
Outer diffuse component = 
Unrelaxed accreted material
The global stellar halo density profile depends on the 
accretion history of the galaxy.
Spavone et al. 2017
Observations vs theoretical predictions
simulations 
(Cooper et al. 2015)
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Spavone et al. 2017
Observations vs theoretical predictions
this is a pilot project that uses a small sample of 
bright ETGs as test cases 
==> next step: the whole VEGAS & FDS sample 
Observations vs theoretical predictions
Stellar halos in ETGs in Fornax
FDS mosaic 
∼9 deg2
Bright ETGs 
μB>15 mag/arcsec2
PSF deconvolution
PSF deconvolution
Marginally affected (<0.2 mag) for μr > 27 mag/arcsec2
FCC184
FCC184
—1D fit in r band — 
Sersic law (In-situ): 
µe= 18.05 mag/arcsec2 
re = 5.19 arcsec 
n= 1.91 
Sersic law (relaxed accreted): 
µe= 21.27 mag/arcsec2 
re = 37.02 arcsec 
n= 1.53 
halo (exp): 
µ0= 25.98 mag/arcsec2 
rh = 229 arcsec 
transition radius: 
Rtr= 3.1 arcmin 
µtr= 27 mag/arcsec2
1D decomposition
Iodice et al. 2018
ETGs in the high 
density region
ETGs in the low 
density region
Iodice et al. 2018
ETGs in the high 
density region
ETGs in the low 
density region
higher fraction of accreted mass in dense environment 
ETGs in high-density 
regions of Fornax
(1.8x1010M⊙≤ M*≤12.7x1010M⊙)
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Embedded in the halo of the 
BCG+ICL
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ETGs in low-density 
regions of Fornax
Observations vs theoretical predictions
Morphology
Fit of the SB profi les to ident ify the main 
components dominating the galaxy l ight
Colors

higher fraction of accreted mass in redder galaxies 
The colors in the outskirts
R < Rtr
Outskirts are bluer in massive galaxies in the high 
density region
R > Rtr
The colors in the outskirts
R < Rtr
Outskirts are bluer in massive galaxies in the high 
density region
R > Rtr
ts irts have almost the ame color  of  main 
galaxies in the low density region
Conclusions
 SB profiles of our galaxies are better reproduced by multi-component 
models;
 Most massive galaxies acquire more than 80% of their mass through 
cosmological assembly and mergers;
 Low mass galaxies in less dense environments form almost all their stars 
in situ;
 For redder galaxies the contribution of accreted stars to the total mass 
is higher;
  Outskirts are bluer in massive galaxies in the high density region; 
 No clear distinction between the colors of the outskirt and the main 
galaxy in the low density region; 
Future perspectives
 General agreement with theoretical predictions, in particular 
for massive galaxies
 Less massive galaxies in dense environments are almost still 
unexplored
We plan to use the whole VEGAS sample to investigate the late 
stages of galaxy assembly statistically, probing the balance between 
in-situ star formation and accretion across a wide range of stellar 
mass!
Thank you for your attention!!!
